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Abstract: First-order sinking cave streams experience considerable hydrological variability, including 
spates and periods of base-flow during dry seasons. Early-summer flooding on a first-order 
stream sinking in Ciur-Ponor Cave (Romania) represented a suitable opportunity to test the 
response of the macroinvertebrate community and of basal food resources quantity and 
diversity to such a disturbance event. The invertebrate community and basal resources (i.e., 
woody debris, leaves, fine particulate organic matter and epilithon) were collected from three 
sampling sites, before and after the flood. The sampling strategy followed an up-downstream 
gradient of both species diversity and quantity of allochtonous organic matter decrease as the 
stream flows through the cave. From each sampling site, ten replicates of both the benthic 
community and basal resources (detritus and epilithon) were taken. Outside the cave, the 
spate reduced the invertebrate community density, instant secondary production, complexity 
and stability (measured as eco-exergy and specific eco-exergy). The epigean section of the 
stream is populated mainly by taxa characteristic of karst headwaters prone to floods that 
usually recolonize the streambed rapidly from adjacent habitats. This effect was corroborated 
with a subsequent increase of both the mass of fine particulate organic matter and of 
invertebrate density within the cave, following the aftermath of the flood. In the river stretch 
situated close to the entrance (100 m), where the flood carried both live and dead organic 
matter, the stability index showed that the complexity of the community was not severely 
disturbed, despite the high influx of surface-dwelling taxa and temporary increase in species 
richness. Further downstream, in the third sampling site (400 m from entrance), all measured 
endpoints indicated a change in community stability, suggesting that local spates can act as 
rejuvenating drivers in shaping the invertebrate community structure and functioning.
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INTRODUCTION
Cave streams lying near the surface are important 
ecotones connecting energy sources from the terrestrial 
environment to deep groundwater (Simon & Benfield, 
2001). One of the most critical questions related to 
understanding cave ecosystems was the identification 
of energy sources from the surface (Culver & Pipan, 
2009). Perhaps one of the most important types 
of energy input in caves is represented by sinking 
streams that comprise a heterotrophic endpoint in the 
continuum of lotic ecosystems (Simon et al., 2003). 
Some caves are connected to the surface by large 
openings that allow the entrance of detritus from 
the surface, which is presumably of higher quality 
compared to the low-energy subterranean realm 
(Schneider et al., 2010). Consequently, cave streams 
are characterised by shorter food webs and comprise 
fewer species compared to surface ecosystems 
(Gibert & Deharveng, 2002; Venarsky et al., 2014). 
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Wood, leaves and fine-grained detritus, from riparian 
vegetation enter cave streams and are transformed 
by abiotic and biotic processes while undergoing 
continual displacement downstream (Simon & 
Benfield, 2001). After entering cave streams, detritus 
can be consumed, mineralized and transported 
downstream. However, most of organic matter input 
is linked to water flow which varies considerably 
across seasons (Ray, 2012). Sometimes, in small-
order streams, floods carry important quantities of 
detritus that represent an important pathway for 
organic matter entrance in such caves (Dickson & 
Holsinger, 1982; Danielopol et al., 2000; Simon et al., 
2007). However, the way these small pulses of organic 
matter, along with the floods, influences the structure 
and functionality of biological communities in such 
ecosystems remains a conundrum, because to our 
knowledge no study has tested such effects so far.
Understanding the structure and functioning of 
biological communities in sinking cave streams 
is therefore essential, as these may represent a 
significant input within the subterranean realm of 
living organic matter that reaches the deeper parts of 
caves through drift or scouring during floods (Gunn et 
al., 2000). Whilst many freshwater species contribute 
to the biodiversity of caves, such as meiofauna 
(Meleg et al., 2011, 2012; Mori & Brancelj, 2013), the 
macroinvertebrates are among the most ubiquitous 
and widely used bioindicators for environmental 
disturbances, such as floods in karst streams (Meyer 
& Meyer, 2000; Stubbington et al., 2009). Moreover, 
floods represent significant environmental drivers 
that support the colonisation of caves by ubiquitous 
macroinvertebrates and that may relatively short time 
periods become stygophiles (facultative cave-dwellers, 
i.e., Gammarus minus and Asellus aquaticus, see 
Hetrick & Gooch, 1981; Protas et al., 2011). Therefore, 
the assessment of both structural characteristics and 
ecological processes of benthic macroinvertebrate 
assemblages are important to provide a better 
understanding of the way that floods can influence 
karst sinking stream ecosystem dynamics (Meyer & 
Meyer, 2000; Stubbington et al., 2009). 
Besides the classic diversity indices (i.e., Shannon 
index, equitability), thermodynamic oriented 
indices provide supplementary information on the 
self-organizing capacity of an ecosystem (Silow & 
Mokry, 2010). These metrics were originally derived 
from physics, but proved to be equally suitable in 
ecology (Ludovisi et al., 2005). Among them, exergy 
is particularly useful to test such properties of an 
ecosystem (Linares et al., 2017). The exergy represents 
the useful energy contained within an ecosystem 
and is calculated as eco-exergy (EXG) and specific 
eco-exergy (SPEXG) (Jørgensen, 2007). Whilst EXG 
represents the ability of an ecosystem to use external 
energy (Li et al., 2016), the SPEXG is derived from the 
former and measures the complexity (Mollozzi et al., 
2013), the stability and the development of the system 
under study (Linares et al., 2018). These variables 
alone, however, may not always fully characterise 
changes that occur in ecosystems functioning (Benke 
et al., 2001). Differences in community composition 
and basal resource quantity and diversity as induced 
by floods are frequently mirrored in other ecosystem 
properties, such as secondary production (Death, 
2010). Secondary production assessment represents 
a suitable indicator for the overall success of a 
biological assemblage in response to floods (Dolbeth 
et al., 2012). However, its calculation requires 
labour-intensive data spanning at least one full 
year of sampling (Benke et al., 2001). Therefore, a 
methodological trade-off was developed to aid in its 
estimation, namely the Instant Secondary Production 
(ISP) (Edgar, 1990; Morin & Dumont, 1994).
Our objective was to investigate the influence that 
floods have on the structure of the macroinvertebrate 
community and on the quantity and diversity of 
basal resources along an up-downstream gradient 
of a sinking cave stream. For that we tested the 
following hypotheses: (1) Floods will influence the 
macroinvertebrate community, leading to a decrease 
of their diversity, density, EXG, SPEXG and ISP along 
an up-downstream gradient after such a disturbance; 
(2) Floods will act as active vectors of energy input into 
the cave, leading to higher quantities of basal food 
resources carried downstream following such events.
MATERIALS AND METHODS
Sampling design and study area
We conducted this study in the late spring- summer 
(25th of May and 15th of July of 2018) in the Ciur-Ponor 
Cave (north-west of Romania, for geographic location 
see Ponta, 1994). The cave is over 20 km long and 
comprises a fishless first order sinking stream entering 
the cave that after approximately 400 m joins another 
stream with a fully subterranean course (Fig. 1). The 
sinking stream is therefore directly connected with the 
surface and receives allochtonous woody debris (WD), 
coarse particulate organic matter (CPOM, mostly 
leaves) and fine particulate organic matter (FPOM). 
Before reaching the cave, the watercourse is covered 
by a heavy canopy of deciduous trees, extending for 
a length of approximately three hundred meters. For 
this study we have surveyed three sampling sites 
that cover the range of organic matter diversity and 
quantity along an up-downstream gradient (Fig. 1). 
Therefore, the sampling site S1, situated at the surface, 
before the river enters the cave, was fuelled by both 
photosynthesis and detritus from the canopy (S1 in 
Fig. 1). The second sampling site, S2, was situated at 
approximately 100 m after the cave’s entrance and 
covers an area where significant traces of detritus are 
visible (WD, CPOM and FPOM) on the riverbed, but 
without photosynthesis input (S2 in Fig. 1). The third 
sampling site, S3, was situated after approximately 
400 m downstream from the cave entrance, before the 
confluence with its tributary with a full subterranean 
course and does not present visible traces of WD 
and CPOM, but with FPOM (S3 in Fig. 1). The stream 
macroinvertebrate community at sampling site S3 
comprises only two species, a stygobiont (obligate cave 
dweller) and a stygophile: Niphargus bihorensis and 
a mixture of pigmented and depigmented varieties of 
Gammarus balcanicus (see Annex). The latter species 
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Fig. 1. The location of Ciur-Ponor Cave in Romania and its map to scale. Highlighted (not at scale) is the surveyed cave 
sector, with the sampling sites S1, S2, and S3 (continuous line) and its confluence with the main subterranean water 
course (dashed lines). Pictures represent (from left to right) sites S1, S2, and S3 during the first sampling campaign. The 
arrow represents the direction the river flows through the cave.
is equally found in sampling site S2, along with a 
limited number of other surface dwelling species (but 
co-dominant with the stygophile caddisfly Wormaldia 
occipitalis), whereas outside the cave, in sampling site 
S1, it represents the dominant species in the benthic 
community (see Annex). 
The standing stock of epilithon, WD, CPOM, 
FPOM, and macroinvertebrates was estimated from 
samples collected in May and July 2018 (representing 
periods of low-base flow and following the flood, see 
below). We quantified the macroinvertebrate density 
(number/m2) in samples collected with a Surber 
sampler (0.106 m2; mesh aperture 250 µm) from 10 
sample-units taken on each date and distributed 
in a stratified-random design over 100 m of river 
from all three sampling sites. The samples were 
preserved in the field in 4% formalin, transported to 
the laboratory, where they were subsequently sorted 
for macroinvertebrates, which were identified to the 
lowest possible taxonomic level (usually species or 
genus, except Oligochaeta and Nematoda, see Annex). 
An eyepiece graticule was used to measure linear 
dimensions of each individual to the nearest 0.1 mm 
was used (dissecting microscope Olympus SZ61 type). 
The dry body mass was estimated from published 
length–mass regressions (Smock, 1980; Meyer, 1989; 
Burgherr & Meyer, 1997; Benke et al., 1999; Tod & 
Schmid-Araya, 2009). The EXG and SPEXG were 
calculated according to Jørgensen et al. (2010) and the 
ISP following Morin & Dumont (1994). The remaining 
material from the Surber samples was passed through 
2 stacked sieves (1-mm and 250 µm-mesh aperture) 
and following processing was used to determine 
the WD (particles > 1 cm), CPOM (particles 1 mm - 
1 cm) and FPOM (particles > 250 µm but < 1 mm) 
fractions per unit area (m2). To quantify ash-free dry 
mass, the material was dried at 85ºC to constant 
mass and subsequently combusted at 500ºC. On 
both sampling occasions, 10 stones were randomly 
selected from the streambed and the epilithic biofilm 
removed from a 20 cm2 area (delineated by a template) 
of the upper surface with a toothbrush. The samples 
were filtered through preweighed filters (Whatman 
GF/C), treated similarly as the detritus above and 
the ash-free dry mass of epilithon per unit area 
was estimated.
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Hydrologic conditions
Representative data for the local hydrologic conditions 
were recorded from a nearby gauging station (Vadu 
Crișului, 9 km from the cave entrance, for details of 
the location see Moldovan et al., 2012). The flow of the 
River Crișul Repede reflects the hydrologic variability 
across seasons from this cave (Moldovan et al., 
2012). Daily averages were used for the interpretation 
of the flow regime (Fig. 2). The spring of 2018 was 
characterised by a severe drought, mainly in April 
(data not showed), that continued all the way through 
May, reflected in a daily mean discharge of 15 m3/s 
(Fig. 2). Therefore, the first sampling campaign (25th of 
May) was considered as representative for base-flow 
conditions in the cave (Fig. 2). However, the month 
of June was characterised by heavy rainfall, mainly 
during the first half of the month, which increased the 
mean daily discharge of the river to 31.2 m3/s (Fig. 2). 
In the time period covering the end of June-beginning 
of July, the rainfall stopped and the mean discharge 
dropped to a daily mean of 20.4 m3/s (Fig. 2). A time-
period of two weeks after the rainfalls stopped was 
considered appropriate to allow the invertebrate 
community to recover (Meyer & Meyer, 2000); the 
second sampling campaign was carried on the 15th of 
July 2018 (Fig. 2).
Data analysis
The macroinvertebrate community was analysed 
using NMDS ordination to visualise differences in 
community composition along the up-downstream 
gradient and potential differences in its structure 
induced by flood. Two-way PERMANOVA tests 
(1000 permutations), based on Euclidean distance, 
were employed to test if the benthic communities 
significantly differed among sampling sites and before 
and after the flood event. Subsequently, SIMPER 
analysis was used to identify which taxa were 
responsible for any differences induced by disturbance 
for each sampling site. Two-way PERMANOVA tests 
were employed to test for differences in WD, CPOM, 
FPOM, epilithon, and invertebrate’s density, species 
richness, EXG, SPEXG and ISP among sampling sites 
and before and after the flood. All parameters were 
compared for each sampling site before and after the 
flood with post-hoc Mann-Whitney pairwise tests with 
Bonferroni corrections. All analyses were undertaken 
in PAST software, version 2.01.
RESULTS
Two-way PERMANOVA indicated significant 
differences in the structure of the invertebrate 
communities among sampling sites and following 
Fig. 2. The water flow of the River Crișul Repede (m3/s) registered 
at the gauging station Vadu Crișului, measured as daily averages, 
covering the time period of the survey (May-July 2018) and with 
indication of both sampling campaigns, representative for base-flow 
conditions and following the aftermath of the flood, respectively.
the aftermath of the flood (Table 1). The NMDS 
ordination (Stress value 0.018) suggested two main 
clusters, as follows: the invertebrate community from 
sampling sites S1 and S2 following the flood, showed 
a more similar community compared to a second 
cluster comprising sampling site S2 before the flood 
and S3 (Fig. 3). The SIMPER analysis indicated that 
sampling site S1, situated outside the cave, registered 
a significant drop in G. balcanicus density (60% 
dissimilarity, Table 2), followed by chironomids and 
glossosomatid caddisflies, but to a much lesser degree 
(dissimilarity <10%, Table 2). G. balcanicus was 
responsible for the differences observed before and 
after the flood with the second sampling site, but to a 
smaller degree compared to surface (24% dissimilarity, 
Table 2) and was followed by a drop in the density of 
the co-dominant species, W. occipitalis, compared to 
base-flow conditions (13.2% dissimilarity, Table 2). 
However, these two species were not entirely 
responsible for the differences induced by the flood 
event (Table 1), since other surface-dwelling taxa 
(stygoxene, comprising mainly mayflies, caddisflies 
larvae and Oligochaeta) were present in this site at 
higher densities compared to base-flow conditions 
(dissimilarity >10%, Table 2). The SIMPER analysis 
revealed that the density of amphipods G. balcanicus 
and N. bihorensis increased following the flood event 
at sampling site S3 (Annex, Tables 2 and 3).  
In addition to community structure, the invertebrate 
density and EXG showed significantly higher values 
following the flood event inside the cave (Table 3). The 
general patterns were significant decreases of both 
parameters outside the cave following the flood event, 
Factor Species richness WD CPOM FPOM Epilithon
Invertebrate 
density EXG SPEXG ISP
Flood 6.73*** 0.29 0.09 2.08* 0.8 1.64* 4.88*** 1.51* 2.72**
Site 4.44*** 4.6*** 1.91** 3.32*** 0.46* 2.3** 4.86*** 1.1** 4.48***
Flood x Site 0.9** 0.4 0.3 0.29 0.41 0.07 1.86 0.53 0.51
*P < 0.05; **P < 0.01; ***P < 0.001
Table 1. F values for two-way PERMANOVA tests for species richness, woody debris (WD), coarse particulate organic matter (CPOM), fine 
particulate organic matter (FPOM), epilithon, invertebrates’ density, eco-exergy (EXG), specific eco-exergy (SPEXG) and instant secondary 
production (ISP) across sampling sites and before and after the flood.
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Site Gammarus balcanicus Orthocladiinae Glossosoma sp.
W. 
occipitalis
Paraleptophlebia 
submarginata
Ecdyonurus 
torrentis Oligochaeta
Niphargus 
bihorensis
S1 59.9 % 7.7% 5.01% - - - - -
S2 24% - 11.3% 13.2% 12.5% 11.3% 7.5% -
S3 73.6% - - - - - - 23.8%
Fig. 3. NMDS ordination of the benthic macroinvertebrate community in all three sampling sites, 
before and after the flood.
Table 2. Results of SIMPER analysis for taxa dissimilarity per each sampling sites before and after the flood.
but an increase further downstream (Fig. 4A-4B, 
Table 3). However, SPEXG at sampling site S2 did not 
differ significantly before and after the flood event 
(Fig. 4C, Table 3). The ISP registered a significant 
decrease in the river stretch situated outside the 
cave following the spate, whereas inside the cave 
the opposite pattern was observed, with significantly 
higher values in the aftermath of the flood (Fig. 4D, 
Table 3).
The detrital fractions did not differ significantly 
across sampling sites following the flood, except 
FPOM mass, which increased significantly inside 
the cave (Fig. 5A-C, Tables 1 and 3). Nevertheless, 
these fractions differed significantly among sampling 
sites, with the highest masses recorded for WD, 
CPOM and FPOM outside the cave and decreasing 
along an up-downstream gradient (Fig. 5A-C, Table 
1). The epilithon mass was lower at sampling site S3 
compared to the upstream sites, but was not affected 
by the flood event (Fig. 5D, Tables 1 and 3).
DISCUSSION
Disturbance is one of the critical driving forces 
in shaping the structure of macroinvertebrate 
communities in streams and rivers and has been well 
studied (Resh et al., 1988; Death, 2002; 2010; Lake, 
2000), although its role in subterranean systems is 
poorly understood (Gunn et al., 2000). Although there 
were previous studies that focused on flow permanence 
and the influence of spates in karst streams, they 
referred only to those with an epigean course (Meyer 
& Meyer, 2000; Stubbington et al., 2009, 2012) or 
inferred indirectly the effects of such disturbances on 
subterranean ecosystems (Gunn et al., 2000; Rađa  & 
Puljas, 2010; Dumnicka et al., 2015). 
Both tested hypotheses from this survey were at 
least partially confirmed. The diversity of invertebrates 
increased in sampling site S2 following the flood (Fig. 
3, see Annex), whereas outside the cave a massive 
reduction of the community’s density, EXG, SPEXG 
and ISP was observed (Fig. 4A-4D). The response 
of invertebrates outside the cave was intuitive with 
the first hypothesis, suggesting that the flood was 
strong enough to transport a wide range of taxa 
downstream (Fig. 3). However, the response of the 
macroinvertebrate community was not as linear as 
expected, since in the third sampling site, situated 
400 m from the entrance, registered a significantly 
higher density following the flood event, exactly the 
opposite pattern observed outside the cave (Fig. 4A). 
In addition to density, the invertebrate community 
comprising mainly the amphipods G. balcanicus and 
N. bihorensis showed a significant increase of EXG, 
SPEXG and ISP following the flood (Fig. 4B-4D). Given 
that the biology of both amphipods is rather different 
(the former species is a stygophile, whilst the latter 
is a stygobite), their apparent response induced by 
Sites Species richness WD CPOM FPOM Epilithon Density EXG SPEXG ISP
S1 -1.29 -1.05 -0.75 -2.2 -0.6 -2.76* -3.78* -2.6* -3.25*
S2 -3.84* -1.74 -1.2 -2.43* -0.8 -3.75* -3.1* -2.26 -3.17*
S3 0.07 -0.62 -0.98 -2.57* -0.83 -3.78* -2.87* -3.47* -3.9*
*P < 0.005
Table 3. Scores for post-hoc Mann-Whitney pairwise tests with Bonferroni correction for each sampling site, before and after the flood, for species 
richness, woody debris (WD), coarse particulate organic matter (CPOM), fine particulate organic matter (FPOM), epilithon, invertebrate density, 
eco-exergy (EXG), specific eco-exergy (SPEXG) and instant secondary production (ISP).
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Fig. 4. Mean (±SE) of macroinvertebrate density (A), eco-exergy (B), specific eco-exergy (C) and Instant 
Secondary Production (D) in all three sampling sites, before (grey bars) and after the flood (black bars). 
Density is expressed as number of individuals/m2 and ISP as mg/m2/day.
flow variability could have different explanations. The 
gammarids are known to be frequent dwellers both 
outside and within caves (Culver & Pipan, 2009), 
with species like G. minus in USA (Culver et al., 1995) 
and G. pulex in UK (Knight et al., 2018), existing as 
permanent subterranean populations that colonise 
both actively (Turquin, 1973) and passively, via drift, 
these ecosystems (Carlini et al., 2009). The latter 
genus is known to respond positively to floods in caves 
and groundwater aquifers, increasing their density 
directly with flow reactivation (Barr, 1968; Gledhill, 
1977; Gibert et al., 1981; Turquin & Barthelemy, 
1985; Mathieu & Turquin, 1992). Given that the 
habitats of many niphargids are mostly located within 
the network of fissures within the limestone aquifers 
(Mathieu & Turquin, 1992; Wood et al., 2008) and 
reaching the cave conduits occasionally, it is possible 
that floods acted as important drivers of their local 
density and instant secondary production. 
The response of the invertebrate community 
in the second sampling site suggested that the 
scouring effect induced by spates was effective for a 
number of surface-dwelling taxa (stygoxene) 100 m 
downstream from the cave entrance (Fig. 3 and 4A). 
This sampling site registered a large number of mayfly 
and caddisfly larvae following the spate, along with 
some Oligochaeta (Annex). Similarly to sampling site 
S3, following the flood, an increase of the community’s 
density, ISP and EXG was recorded (Fig. 4B and D). 
Nevertheless, the SPEXG in this sampling site was 
not significantly affected by the flood (Fig. 4C). The 
SPEXG expresses the overall degree of complexity 
and development of a biological system (Jørgensen, 
2007a, b). Its similar values before and after the spate 
suggest that overall, specific eco-exergy, or average 
organism complexity, has rapidly recovered in terms 
of information flux through the community (sensu 
Patricio et al., 2006). In fact, SPEXG, after only two 
weeks following the flood, showed comparable values 
with base-flow conditions, suggesting therefore an 
analogous structural complexity. Thus, the system 
information appears to have recovered much faster 
than biomass (see below). A potential explanation 
for this may be that despite many stygoxene 
macroinvertebrates observed within caves not far from 
the entrance, their presence is usually considered 
accidental and the potential to establish permanent 
subterranean populations is slim (Sket, 2008; 
Trajano, 2012), because very often they comprise 
typical epigean insect larvae that are carried by floods 
or that use this habitat only for short periods of 
time (Sket, 1999; Manenti et al., 2013; Knight et al., 
2018). The species that was mostly responsible for the 
observed difference in community change in density 
and secondary production after the spate was, the 
same as further downstream, G. balcanicus. Given 
that depigmented morphs of this species occurred 
infrequently during base-flow conditions (data not 
showed) and following the spate all individuals were 
pigmented, it is likely that this species, along with 
the others, was washed into the cave. Of particular 
interest was the high abundance of the caddisfly 
larvae W. occipitalis that apparently maintains a self-
sustaining population in the sector. This species was 
found before in large numbers penetrating caves for 
long distances from the entrance (Sket, 1993; Gunn 
et al., 2000) and is considered a stygophile that lives 
and that reproduces underground (Sket, 2008). The 
fact that its density was reduced after the flood but 
was not found further downstream in sampling site S3, 
could suggest however a confounded effect of the spate 
with the life cycle of this species. During base-flow 
conditions this species represented the co-dominant 
taxa in the benthic community, with adults present in 
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Fig. 5. Mean (±SE) of woody debris (A), CPOM (B), FPOM (C) and epilithon (D), measured as ash-free dry 
mass (g/m2) in all three sampling sites, before (grey bars) and after the flood (black bars).
high numbers on the cave walls during both sampling 
campaigns (personal observations). Outside caves, 
the adults of this species were frequently caught every 
month of the year, except winter (Mackereth, 1960; 
Jones, 1969), leading to the conclusion that it is 
possible that this stygophile species was not directly 
affected by the flood. 
The most visibly affected sector was the site situated 
outside the cave. It seems that the spate disturbed 
most of the invertebrates, significantly reducing their 
abundance and hence the entire community EXG, 
SPEXG and ISP (Fig. 4). Nevertheless, the taxonomic 
composition did not differ significantly between events 
(Fig. 3, Annex), suggesting that the studied stream is 
inhabited by taxa which are typical of flood-impacted 
sites (e.g., Suren & Jowett, 2006). Karst streams were 
shown to contain such taxa, that allow a very rapid 
recovery of the benthic community following floods 
(Stubbington et al., 2009). The dominance of gammarids 
during base-flow conditions in karst streams, their 
decrease following the aftermath of floods and their 
rapid recovery had been attributed to their ability 
to recolonize streams from longitudinally connected 
surface waters or adjacent hyporheic habitats (Gunn 
et al., 2000). Other taxa, like the Oligochaeta, Pisidum 
sp., Baetis sp., Ecdyonurus sp., Simuliidae blackflies 
are likely to recover fast following the spate and are 
equally characteristic of flood-prone karstic streams 
(Gunn et al., 2000; Rader et al., 2008). Floods can 
create patchy environments that maintain habitat 
heterogeneity and thus the invertebrate diversity 
(Robinson & Uehlinger, 2003; Lepori & Hjerdt, 2006). 
All flood-prone streams studied by Death (1996) had a 
remarkably similar fauna dominated by Heptageniidae 
mayflies, Simuliidae, Chironomidae and Oligochaeta, 
taxa most able to recover relatively quickly from flood 
disturbances (Death, 2010). 
Higher EXG values found within the cave following 
the flood can be explained by higher amounts of 
energy input available (Marchi et al., 2011), resulting 
in an increased use of resources to build more complex 
dissipative structure (Jørgensen, 2007a, b; Jørgensen 
et al., 2007), corresponding principally to biomass 
storage (growth form I – see Jørgensen et al., 2016). 
Similar findings to those observed in this survey 
were found in ecosystems where eutrophication 
occurred, resulting in more energy available to 
benthic assemblages and consequent increase in 
EXG (Marques et al., 1997; Molozzi et al., 2013). The 
wash-out effect for allochtonous FPOM, presumably 
of greater quality than those already existing in this 
cave-system (Schneider et al., 2010) had apparently 
a concurrent effect on community structure and 
complexity. The cave food-webs are known to contain 
significantly fewer species compared to surface 
streams (Venarsky et al., 2014) and a potential 
explanation for this phenomenon could be related to 
the quantity and quality of basal food sources (Simon 
et al., 2003; Schneider et al., 2010; Popović et al., 
2019). However, inputs of CPOM and WD into cave 
streams are extremely heterogeneous across space 
because they are concentrated in areas that are 
directly connected to the surface by large openings 
(Simon & Benfield, 2001). Moreover, the results of 
this survey confirmed previous findings, such as 
that CPOM and WD are usually transported over 
very short distances (<20 m year-1) from their entry 
points in small-order cave streams (Simon & Benfield, 
2001, 2002; Francois et al., 2016). In contrast, the 
FPOM fraction is intimately associated with microbes 
and represents a ubiquitous food source in caves 
for stygobites (Kinsey et al., 2007; Francois et al., 
2016). Nevertheless, given that other types of energy 
inputs in cave environments are of low quality and 
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infrequent (e.g. dissolved nutrients in percolation 
water), the transport via spates of allochtonous basal 
food sources (mainly FPOM) proved to be paramount 
for the long-term existence of metazoan life within the 
subterranean realm (Culver, 1981; Culver & Pipan, 
2009; Schneider et al., 2010; Venarsky et al., 2014).
CONCLUSIONS
Although cave streams have fewer species 
compared to surface ecosystems, they comprise 
a very dynamic community where spates may act 
as rejuvenating factors. Our results showed that 
basal resources (mainly FPOM) of allochotonous 
origin, along with the active wash-out of epigean 
invertebrates can help support reasonably complex 
invertebrate communities in cave streams and is 
directly supported by flow variations. Moreover, the 
intrusion of surface-dwelling taxa in the cave sector 
situated not far from the entrance has not affected the 
community’ complexity (in a thermodynamic context, 
sensu Jørgensen, 2007b), despite offering it, besides 
fine grained detritus, pulses of living organic matter, 
important for the long-term co-existence of the 
stygophile species that form permanent populations 
in these habitats. The sector situated outside the cave 
is populated by taxa usually prone to floods, which 
recolonize the riverbed quickly, usually from habitats 
adjacent to the water course, such as the hyporheic 
zone. The surface benthic community is dominated by 
the amphipod Gammarus balcanicus that is equally 
dominant in other sectors of the cave, where it persists 
as permanent populations and where presumably it 
fulfils a very important role within local food-webs. 
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Site S1 base-flow S1 after flood S2 base-flow S2 after flood S3 base-flow S3 after flood
Species richness 10.4 ± 1.2 8.2 ± 2.5 2.4 ± 0.75 7.3 ± 1.7 2.1 ± 0.12 2.1 ± 0.11
Oligochaeta 18.87 ± 13.8 2.36 ± 1.7 1.89 ± 1.3 26.4 ± 4.6 3.14 ± 2.2 0.94 ± 0.9
Pisidium sp. (Bivalvia) 11.8 ± 6.8 0 0 0 0 0
Niphargus bihorensis 
(Amphipoda)
0 0 0 0 45.07 ± 7.3 77.3 ± 11.2
Gammarus balcanicus 
(Amphipoda)
1,147.4 ± 
461.2
99.84 ± 14.4 43.6 ± 2.9 121.7 ± 14.5 55.5 ± 7.1 177.3 ± 9.1
Cordulegaster bidentata 
(Odonata)
4.72 ± 2.5 3.1 ± 1.3 0 2.8 ± 1.4 0 0
Ephemera vulgata 
(Ephemeroptera)
42.4 ± 12.2 10.2 ± 5.7 0 38.7 ± 5.7 0 0
Baetis rhodani 4.72 ± 3.5 0.8 ± 0.7 0 0 0 0
Ecdyonurus torrentis 
(Ephemeroptera)
25.9 ± 14.3 10.2 ± 4.4 0 37.7 ± 6.3 0 0
Paraleptophlebia submarginata 
(Ephemeroptera)
38.9 ± 17.4 19.6 ± 5 0 38.6 ± 6.3 0 0
Leuctra sp. (Plecoptera) 22.4 ± 13.2 13.3 ± 3.4 0 0 0 0
Elmis aenea (Coleoptera) 30.6 ± 14.6 17.3 ± 4.3 0 16 ± 8.4 0 0
Glossosoma sp. (Trichoptera) 61.3 ± 23 16.5 ± 5.4 0 16.9 ± 6.7 0 0
Micropterna lateralis 
(Trichoptera)
2.3 ± 2.1 4.72 ± 4.1 0 0 0 0
Wormaldia occipitalis 
(Trichoptera)
20.4 ± 5.5 11.8 ± 10.5 51.8 ± 9.6 0 0 0
Hydropsyche fulvipes 
(Trichoptera)
5.9 ± 5.1 1.57 ± 1.1 0 0 0 0
Sericostoma personatum 
(Trichoptera)
1.18 ± 1.1 0.8 ± 0.6 0 0 0 0
Orthocladiinae (Diptera) 89.6 ± 27.5 27.5 ± 5.5 7.5 ± 3.4 21.7 ± 10.5 0 0
Ptychoptera (Diptera) 7.08 ± 4.5 0.79 ± 0.3 0 0.94 ± 0.7 0 0
Ceratopogonidae (Diptera) 2.3 ± 1.5 0 0 0 0 0
Tipula sp. (Tipulidae) 3.5 ± 2.4 0.79 ± 0.3 0 0 0 0
Simuliidae (Diptera) 10.6 ± 4.5 5.5 ± 1.4 0 0 0 0
Antocha vitripennis (Tipulidae) 2.3 ± 2.1 2.3 ± 2.2 0 0 0 0
Scleroprocta sp. (Tipulidae) 0 0.79 ± 0.6 0 0 0 0
Annex. Mean (± SE) of species richness and density of invertebrates (individuals/m2) in sites S1, S2, and S3, during both sampling campaigns.
